Summary:
We examined effects of acute unilateral enu cleation on incorporation from blood of intravenously in jected unsaturated [1-14C]arachidonic acid ([14C]AA) and [1-14C]docosahexaenoic acid ([14C]DHA), and of satu rated [9,1O-3H]palmitic acid ([3H]PA), into visual and nonvisual brain areas of awake adult Long-Evans hooded rats. Regional cerebral metabolic rate for glucose (rCMRglc) values also were assessed with 2-deoxY-D-[1-14C]glucose ([14C]DG). One day after unilateral enucle ation, an awake rat was placed in a brightly lit visual stimulation box with black and white striped walls, and a radiolabeled fatty acid was infused for 5 min or [14C]DG was injected as a bolus. e4C]DG also was injected in a group of rats kept in the dark for 4 h. Fifteen minutes after starting an infusion of a radiolabeled fatty acid, or 45 min after injecting [14C]DG, the rat was killed and the brain was prepared for quantitative autoradiography. Incorpo ration coefficients k* of fatty acids, or rCMRglc values, were calculated in homologous brain regions contralateral and ipsilateral to enucleation. As compared with ipsilat eral regions, rCMRglc was reduced significantly (by as Quantitative autoradiography and biochemical analysis of the brain can be used with intravenously injected radiolabeled fatty acids to calculate, using an operational equation, regional incorporation co efficients k* into individual brain phospholipid com partments. In awake rodents, intravenously in jected, unsaturated [l-14C]arachidonic acid ([1 4 C]AA) labels mainly sn-2 positions of brain phosphatidyl-much as -39%) in contralateral visual areas, including the superior colliculus, lateral geniculate body, and layers I, IV, and V of the primary (striate) and secondary (as sociation, extrastriate) visual cortices. Enucleation did not affect incorporation of [3H]P A into contralateral vi sual regions, but reduced incorporation of [14C]AA and of e4C]DHA by -18.5 to -2.1 %. Percent reductions were correlated with percent reductions in rCMRglc in most but not all regions. No effects were noted at any of nine non visual structures that were examined. These results indi cate that enucleation acutely reduces neuronal activity in contralateral visual areas of the awake rat and that the reductions are coupled to reduced incorporation of unsat urated fatty acids into sn-2 regions of phosphatidylcho line, phosphatidylinositol, and phosphatidylethanol amine. Reduced fatty acid incorporation likely reflects reduced activity of phospholipases A2 and/or phospholi pase C. Key Words: Arachidonate-Deoxyglucose Fatty acids-Lipids-Orbital enucleation-Quantitative autoradiography-Visual system. choline and phosphatidylinositol, whereas unsatu rated [l-14C]docosahexaenoic acid ([14C]DHA) la bels mainly sn-2 positions of phosphatidylethanol amine and phosphatidylcholine. On the other hand, the saturated [9,10-3H]palmitic acid (eH]p A) labels the sn-l position of phosphatidylcholine (Tabata et aI., 1988; Nariai et aI., 1989a; Noronha et aI., 1989 Noronha et aI., , 1990 ; Robinson and Rapoport, 1989; DeGeorge et aI., 1989 DeGeorge et aI., , 1991 Robinson et aI., 1992; T. Nariai et aI., submitted) . Rates of labeling are unaffected by changes in regional CBF (rCBF) (Kimes et aI., 1983; DeGeorge et aI., 1991; Robinson et aI., 1992; Arai et aI., 1993; S. Yamazaki et aI., submitted) .
These fatty acid tracers have been employed to examine brain phospholipid metabolism during acute increments in functional activity (Nariai et aI., 1989b; DeGeorge et aI., 1989 DeGeorge et aI., , 1991 Freed et al., 1991) . Thus, the cholinergic agonist arecoline, which increases regional CMRglc (rCMRg1 C ) and rCBF in awake rats (Soncrant et aI., 1985 (Soncrant et aI., , 1989 Maiese et aI., 1991) , also increases k* values for e4C]AA and e4C]DHA but not for eH]PA at sites of cholinergic receptors; increases are prevented by prior administration of atropine (N ariai et aI., 1989a; DeGeorge et aI., 1991) .
It was postulated that arecoline stimulates incor poration of unsaturated fatty acid tracers by acti vating cytoplasmic and/or membrane phospho li pases A2 in neurons, releasing unlabeled sn-2 acyl groups from phosphatidylcholine, phosphatidyl inositol, and phosphatidylethanolamine and pro moting reacylation of the labeled precursors into resultant lysophospholipids (Lunt and Rowe, 1971; Mallorga et aI., 1980; Murphy et aI., 1985; De George et aI., 1986a, b; Axelrod et aI. , 1988; Hirash ima et aI., 1992; Robinson et aI., 1992) . Alterna tively, phospholipase C may be activated by areco line to cleave phosphatidylinositol 4,5-biphosphate to diacylgycerol and inositol 1,4,5-trisphosphate (Fisher and Agranoff, 1987; Kennedy, 1987) . The inositol 1,4,5-trisphosphate in turn would mobilize calcium from intracellular stores (Berridge and Irv ine, 1984) and activate Ca-dependent phospholipase A2 indirectly (Purdon, 1987; Bazan, 1989) . Further, arachidonate could be released from diacylglycerol via diacylglycerol and monoacylglycerol lipases. The lack of an arecoline effect on eH]PA incorpo ration suggests that phospholipase AI and other li pases that release sn-l acyl groups from phospho lipids are not activated (Lehninger, 1975) .
To examine further the relation between fatty acid incorporation and brain functional activity, we thought it of interest to study effects of acutely re duced activity induced by unilateral orbital enucle ation on regional k* values of e4C]AA, e4C]DHA, and eH]PA in awake rats using the fatty acid tech nique and on rCMRglc using 2-deoxY-D-[1-14C]glu cose (e4C]DG). Prior studies have shown that acute enucleation in rats results in significant reductions in rCMRglc and rCBF in visual areas contralateral to enucleation (Kennedy et aI., 1975; Toga and Col lins, 1981; Cooper and Thurlow, 1985; Chalmers and McCulloch, 1991b; Horsburgh and McCulloch, 1991) .
We chose adult Long-Evans rats with pigmented retinas, which do not experience light-induced loss of photoreceptors as do albino rats (Noell et aI., 1966; Creel et aI., 1970) . Between 97 and 98% of retinal ganglion cells of one eye of this strain project to contralateral brain (Jeffrey, 1984; Sefton and Dreher, 1985) . Of contralateral retinofugal fibers, 65% innervate the superficial layer of the superior colliculus and 15% project to the dorsolateral genic ulate nucleus (Toga and Collins, 1981) . None pro jects directly to the visual cortex.
Visual areas examined included primary projec tion areas-superior colliculus and lateral genicu late body-and secondary retinal projection areas the primary striate visual cortex (Ocl M) and asso ciation extrastriate visual cortex (Oc2L) (Paxinos and Watson, 1986) . Region Ocl M (area 17) receives contralateral monocular input, whereas region Oc2L corresponds to area 18a, which surrounds area 17 laterally (Krieg, 1946; Paxinos and Watson, 1982; Sefton and Dreher, 1985; Thurlow and Coo per, 1988) . The intact eye was stimulated by placing an enucleated rat in a lit box whose walls were marked by black and white stripes (Rooney and Cooper, 1988) . One group of animals in which rC MRglc was measured were studied in the dark. An abstract of some of this work has been published (Wakabayashi et aI., 1992) .
METHODS

Experimental animals
Three-month-old male Long-Evans hooded rats, weighing 300-400 g, were obtained from Charles River Breeding Laboratories (Wilmington, MA, U.S.A.). They were acclimatized for at least 7 days to controlled tem perature, humidity, and light cycle (on 6:00-18:00 h), and had free access to food and water.
Materials
[3H]P A (specific activity 50-56 Ci/mmol) was pur chased from Amersham Corp. (Arlington Heights, IL, U.S.A.). We obtained from New England Nuclear (Bos ton, MA, U.S.A.) [14C]AA (specific activity 40-60 mCii mmol) , e4C]DHA (specific activity 40-60 mCilmmol), [14C]DG (specific activity 45-60 mCi/mmol). Isotopes were checked for purity by thin-layer chromatography. Bovine serum albumin, essentially fatty acid free, was purchased from Sigma Chemical Co. (St. Louis, MO, U.S.A.).
Animal preparations
Treatment of animals followed guidelines for animal care (National Institutes of Health, 1985) . One day before isotope infusion, an eye on a randomly chosen side was removed from a rat anesthetized with 1-3% (voVvol) halo thane. The socket was infiltrated with 1% xylocaine, the eyelids of the enucleated eye were sutured with 6-0 silk, and the animal was allowed to recover from anesthesia. The next day, polyethylene catheters filled with heparin ized saline (100 IUlml) were implanted into a femoral ar tery and vein under anesthesia, and the wound was infil trated with xylocaine and closed with clips. The rat was wrapped loosely in a fast-setting plaster cast, taped to a wooden block with its upper body free, and allowed to recover from anesthesia in a temperature-controlled hood (25°C) for at least 4 h.
Visual stimulation
Fifteen minutes before injecting an isotope, a rat was placed in a 30 cm x 30 cm x 30 cm clear plastic visual stimulation box that was open on one side. The walls, floor, and ceiling were covered with high-contrast black and white, horizontal and vertical intersecting stripes of various widths (Rooney and Cooper, 1988) . The walls and ceiling were back-lit with three 100 -W lights, to give a brightness of 1,500 Lux. Ventilation was provided by a ceiling-mounted fan that made a constant noise.
In one group of rats in which rCMRg i c was to be stud ied, the eyelids of the intact orbit also were sutured and the animal, on the wooden block, was placed for 4 h in a darkroom with a red safelight (wavelength >600 nm). Just before isotope injection, a yellow safelight (monochro matic wavelength 589 nm, Sodium Vapor Tube 35 W, Thomas Instrument Co., Charlottesville, VA, U.S.A.) was turned on with sufficient illumination for the inves tigator to perform the procedure.
Infusion of isotopes
Before use, [14C]AA, [14C]DHA, pH]PA, and P4C]DG were dried under nitrogen. A radiolabeled fatty acid was dissolved in 50 mg/ml bovine serum albumin in 5 mM N -2-hydroxyethylpiperazine-N' -2-ethanesulfonate buffer, pH 7.4. [14C]DG was dissolved in saline. Infusion was performed at a rate of 400 fLl/min at a concentration of 1 mCi/ml (6.7 mCi/kg) for [3H]PA or of 40 fLl/min (170 fLCi/kg) for [14C]AA or P4C]DHA. Buffered albumin was added to bring infusion volume to 2 mi. [14C]DG was injected in 1.25 ml at a concentration of 100 fLCi/ml (125 fLCilkg).
Fifteen minutes after an awake rat was placed inside the stimulation box, or 4 h after it was placed in the dark, we infused a radiolabeled fatty acid intravenously for 5 min or gave a bolus of P4C]DG. Timed arterial samples were collected at 0, 0.25, 0.5, 0.75, 1.5, 3, 5, 6.5, 7.5, 10, and 20 min after the beginning of a fatty acid infusion or at 0,0.1, 0.3, 0.5, 1,3,5, 7.5, 15, 25, 35, and 45 min after [14C]DG, after which the animal was killed by intrave nous sodium pentobarbital (0.2 g/kg). The brain was re moved and frozen in 2-methylbutane at -50°C, then stored at -70°C until sectioned.
Plasma analysis
We placed 30-fLl aliquots of plasma into chloroform! methanol (2: 1, vol/vol) for quantitation of fatty acid ra dioactivity. We extracted plasma lipid according to the method of Folch et ai. (1957) and quantitated radioactiv ity in the organic fraction by liquid scintillation spectros copy (Tri Carb, model 2200CA; Packard Instruments, Downers Grove, IL, U.S.A.). The integral of plasma non esterified fatty acid radioactivity was calculated to nor malize brain radioactivity to exposure and thereby calcu late k* (see Eq. 1). We measured plasma glucose concen trations and DG radioactivities using a Glucose Analyzer II (Beckman Instruments, Fullerton, CA, U.S.A.) and liquid scintillation spectroscopy, respectively.
Autoradiography and histology
A cryostat at -20°C (Hacker Instruments, Fairfield, NJ, U.S.A.) was used to cut 20-fLm-thick sections from frozen brains. Three of every 10 serial sections were placed on a cover glass and exposed to x-ray film e4C: with hematoxylin-eosin or cresyl violet and were exam ined under a light microscope.
Analysis
We examined 11 visual areas and 9 nonvisual areas in each hemisphere, as defined in a rat atlas (Paxinos and Watson, 1986) . Regional brain radioactivities in units of nanocuries per gram tissue were obtained by digital image analysis, using a Macintosh II computer (Apple Corp., Cupertino, CA, U.S.A.) with program Image 1.45 (pro vided by Dr. W. Rasband, NIMH). We calculated re gional incorporation coefficients k* for a radio labeled fatty acid as follows (Tabata et aI., 1988; Robinson and Rapoport, 1989; Robinson et aI., 1992) :
where k* is in units of milliliters per second per gram, c�r (20 min; nCi/g) is brain radioactivity at 20 min, C;I (nCiI ml) is plasma fatty acid radioactivity, and t is time (min) after start of infusion. We determined rCMRgic (mmoll00 g-I min -I) by digital image analysis, using a Macintosh II computer (Apple) and the NIH program Image/MG 1.4413·
For each brain region, we determined mean radioactiv ity ± SD from at least six measurements from adjacent autoradiographs. We also calculated percent differences in k* or in rCMRglc between homologous areas contralat eral and ipsilateral to enucleation as follows:
Statistical significance was determined by paired t sta tistics using Statview II (Feldman et al., 1991) when p < 0.05.
RESULTS
Histology
There was no evident histological difference be tween any homologous contralateral and ipsilateral visual or nonvisual area, with regard to cell density, staining, nuclear size, and cell size.
rCMRg\c Table 1 presents mean rCMRglc values in rats placed in the visual stimulation box 1 day after uni lateral enucleation. Statistically significant reduc tions in contralateral as compared with ipsilateral visual regions (Eq. 2) were evident in superficial gray (-39.0%), intermediate gray (-9 .1 %), and deep gray ( -2.4%) of the superior colliculus and in dorsal (-29.2%) and ventral (-14.9%) nuclei of the lateral geniculate body. Contralateral reductions ranged from -30 to -21% in layers I, IV, and V of the striate cortex (Oc1M) and from -10.5 to -9.4% in layers I, IV, and V of extrastriate visual cortex (Oc2L). They are evident in the autoradio- graphs of Fig, 1 . No significant contralateral ipsilateral difference was found in any nonvisual structure examined, Table 2 compares mean rCMRglc values in several visual structures between rats studied when visu ally stimulated (Table 1 ) and in the dark, Although respective means in ipsilateral and contralateral structures did not differ significantly between the groups, percent reductions in rCMRg1 C (contralater al-ipsilateral) were significantly larger in stimulated rats than in rats in the dark, suggesting a stimulation effect on regions ipsilateral to enucleation.
rt4C]AA incorporation
As illustrated by Table 3 and Fig. 2 , in enucleated rats studied while visually stimulated, superficial gray of the superior colliculus showed a significant contralateral reduction in k* for [,4C]AA of -16.5%, �0.42 times the reduction noted for rCMRglc, whereas no significant change was noted in intermediate or deep gray. Dorsal and ventral nuclei of the lateral geniculate body and layers I, IV, and V of the striate cortex showed contralateral reductions of -15.7 to -11. 7%, half those for rCMRg1c' A small but significant reduction of -2.1 % in k* for e4C]AA was noted in layer I of the extrastriate visual cortex, 0.1 times the correspond ing reduction in rCMRglc, whereas no significant difference was noted in layers IV and V as com pared with differences of -11.5 to -9.4% for rC MRglc. The correlation (r) between percent changes in k* for [14C]AA and in rCMRg1c was 0.904 (p < 0.0001). There was no significant contralateral ipsilateral difference in k* in nonvisual structures.
[14C]DHA incorporation As illustrated by Table 4 and Fig. 3 , unilateral enucleation of stimulated rats significantly reduced k* for e4C]DHA in contralateral as compared with ipsilateral superficial gray ( -18.5%) and intermedi ate gray ( -5.7%) of the superior colliculus, by �0.5 times respective reductions in rCMRglc. No signifi cant effect was noted in deep gray or in the ventral nucleus of the lateral geniculate body. The reduc tion in the dorsal nucleus of the lateral geniculate body was -9.6%. Significant reductions in layers I, IV, and V of the primary visual cortex ranged from -16.5 to -12.0% (about half the reductions in rCMRglc). Significant reductions in the visual asso ciation cortex ranged from -7.0 to -5.9% and were 0.65, 0.61, and 0.63 times, respectively, of the corresponding reductions in rCMRglc. The correla-FIG. 1. Digitized color autoradiographs showing regional CMRg,c (f,LmoI100 g-1 min-1) in brain sections of Long-Evans rat, 24 h after unilateral orbital enucleation. Left coronal section, 4.30 mm posterior to plane passing through bregma; right coronal section, 6.03 mm behind bregma. Regions from Paxinos and Watson (1982, 1986 [3H]PA incorporation Table 5 presents k* values of eH]PA in stimu lated rats. Incorporation of this tracer was not af fected significantly by unilateral enucleation in any visual or nonvisual structure examined (Fig. 4) . The Figure 5 illustrates regression relations between percent differences in regional incorporation coef ficients k* of each of the labeled fatty acids between contralateral and ipsilateral visual areas and percent differences in rCMR g Ic (data are from Tables 2-5). Regression slopes for e4C]AA, e4C]DHA, and [3H1PA equaled 0.527 (p < 0.0001), 0.441 (p < 0.0002), and 0.034 (p > 0.05), respectively.
Regression relations
DISCUSSION
This report compares regional incorporation co efficients k* of each of three circulating radiola beled fatty acids into central visual areas of the awake adult rat, 1 day after unilateral enucleation, and relates these rates to rCMRglc, a measure of regional neural activity (Sokoloff, 1977; Sokoloff et aI., 1977) . The intact eye was stimulated by placing the rat in a lit box whose sides displayed a black and white striped pattern (Rooney and Cooper, 1988) , except in one group of rats placed in the dark.
Unilateral enucleation did not produce any obvi ous histological change in contralateral visual struc tures by 1 day. This is consistent with observations that degeneration of retinal projection fibers is not evident until 5 days after enucleation (Chalmers and McCulloch, 1991a) and that morphological changes in visual centers appear only 10 days after unilateral visual deprivation in the adult rat (Fifkova, 1969 (Fifkova, , 1970 . Vol. 14, No.2, 1994 In agreement with previous reports, acute enu cleation with visual stimulation of the intact eye reduced rCMRglc significantly in contralateral com pared with ipsilateral visual structures (Kennedy et aI., 1975; Toga and Collins, 1981; Cooper and Thur low, 1985; Chalmers and McCulloch, 1991b) . Per cent reductions were somewhat greater than in rats studied in the dark, reflecting increased visual input from the intact contralateral eye to ipsilateral visual structures during stimulation. Stimulation com pared to dark did not affect rCMRglc in contralateral visual areas, to which 97-98% of retinal ganglion cells from the enucleated eye had projected (Jef frey, 1984; Sefton and Dreher, 1985) .
In stimulated rats, superficial gray of the contra lateral superior colliculus showed a reduction in rC MRg1c of -39% as compared with less than -20% in intermediate and deep gray. The contralateral dorsal lateral geniculate body showed a reduction of -29.2% as compared with the ipsilateral region, whereas the contralateral ventral lateral geniculate body showed a reduction of -14.9%. Contralateral striate cortex showed percent reductions of -30 to -21 % in layers I, IV, and V, and the extrastriate visual cortex showed reductions of -11.5 to -9.0% in these layers. No effect of enucleation was noted in nonvisual structures. Horsburgh and McCulloch (1991) reported de clines of -38% in rCMRglc in the contralateral su perior colliculus and of -32% in the contralateral dorsal lateral geniculate body of hooded rats, 1 day after enucleation. At this time, there was no change in binding of eH]forskolin to Gs-adenylate cyclase or of eH]phorboI 12, 13-dibutyrate to protein kinase C in these contralateral regions, indicating no major modification in retinofugal glutamatergic transduc tion. At 1 day, Chalmers and McCulloch (1991b) also found no change in markers for 5HT 1 recep tors, muscarinic receptors, 5HT 2 receptors, or GABAA receptors in these areas. On the other hand, they (1989) reported reduced L-eH]glutamic acid binding in layers I-V of the contralateral visual cortex at 1 day.
As we did, Cooper and Thurlow (1985) and Toga and Collins (1981) reported I-day reductions in glu cose metabolism in the superior colliculus and dor sal and ventral lateral geniculate bodies and in lat eral posterior nucleus and all layers of the visual cortex. These differences were absent 2 months af ter enucleation, suggesting that intrinsic neural con nections and recovery processes had acted to re store local energy metabolism. Metabolic recovery J Cereb Blood Flow Metab, Vol. 14, No.2, 1994 in the superior colliculus is due in part to increased input from the visual cortex (Cooper and Thurlow, 1985) .
Theory and experiments show that the incorpo ration coefficient k* of a labeled fatty acid is inde pendent of changes in rCBF (Robinson et al., 1992) . Thus, hypercapnia and increased rCBF do not in fluence k* for radiolabeled palmitate (Kimes et al., 1983; S. Yamazaki et aI., in press) or for e4C]AA (Arai et al., 1993) . Furthermore, although arecoline stimulates rCBF (Maiese et aI., 1991) , it does not increase k* for [3H]PA (DeGeorge et aI., 1991) . The present study supports flow independence. Visual stimulation is known to increase rCBF in central visual structures (Sokoloff, 1961; Haxby et al., 1991) . As rCBF is coupled to rCMRglc at rest and during stimulation (Reivich, 1974; Raichle et al., 1987) , the contralateral-ipsilateral differences in rC MRglc following acute enucleation (Tables 1 and 2) likely corresponded to differences in rCBF. Thus, the lack of an effect on k* for eH]p A further indi cates that fatty acid uptake by brain is independent of changes in rCBF.
These observations provide a context for inter preting the effects of acute enucleation on incorpo ration coefficients k* for each of three radiolabeled fatty acids. Absence of an effect on k* for the sat- urated eH]PA indicates that eH]PA incorporation, and therefore turnover of the acyl group in the sn-l position of phosphatidylcholine, is not directly re lated to acute changes in brain functional activity, in agreement with conclusions based on drug acti vation (DeGeorge et aI., 1991; Freed et aI., 1991) . The palmitate tracer may be more a measure of chronic brain changes associated with neuroplastic ity (Zilles, 1992) . Indeed, incorporation of labeled palmitate into central auditory structures is not re duced 1 day after unilateral ablation of the cochlea in the rat (Tone et aI., 1988) , when rCMRglc has fallen by 40% in the inferior colliculus (Taniguchi, 1980) . At 1 week after cochlea ablation, palmitate incorporation is reduced into ipsilateral ventral pos terior and ventral anterior cochlea nuclei, whereas at 6-13 weeks additional reductions appear in the ipsilateral lateral superior olive, contralateral infe rior colliculus, medial geniculate body, and primary auditory cortex (Tone et aI., 1988) . A new finding in this article is that unilateral enu cleation acutely reduces k* of both e4C]AA and e4C]DHA into contralateral visual regions. Intrave nously injected e4C]AA labels mainly the sn-2 po sitions of phosphatidylcholine and phosphatidyli nositol, whereas e4C]DHA labels the sn-2 positions of phosphatidylethanolamine and phosphatidylcho line (DeGeorge et aI., 1989a (DeGeorge et aI., , 1991 Noronha et aI., 1990; Robinson et aI., 1992;  T. Nariai et aI., sub mitted). These results suggest that turnovers of un saturated sn-2 acyl groups in phosphatidylcholine, phosphatidylinositol, and phosphatidylethanol amine are reduced during reduced functional activ ity. Further, as DHA is not found in glia but is localized to neurons and particularly their synapses in the central nervous system (Bazan, 1990) , these experiments further indicate that the changes noted after enucleation reflect reduced neuronal and not glial activity.
As discussed in the introductory section, two processes involving signal transduction likely facil itate incorporation of unsaturated fatty acid into sn-2 phospholipid positions. One involves phospho lipase C, which can cleave phosphatidylinositoI 4,5bisphosphate and release calcium to activate cal cium-sensitive cytosolic phospholipase A2, or can produce diacylglycerol from which arachidonate can be generated by appropriate lipases. The other process involves direct activation of phospholi pases A2 via GTP binding proteins in neural mem branes. Both of these processes likely are dimin ished in relation to reduced neuronal activity in con tralateral visual areas after acute enucleation.
The significant correlations between percent re gional reductions in k* values of the unsaturated fatty acids and in rCMRgic suggest that turnovers of unsaturated sn-2 acyl groups in brain phosphatidyl choline, phosphatidYlinositol, and phosphatidyleth anolamine generally are coupled to acute changes in functional activity. Exceptions to these correlations were present, however. k* for e4C]AA was reduced by -2.1 % in layer I of the contralateral extrastriate visual cortex, but was not reduced in layers IV and V, whereas rCMRglc fell by -11.5 to -9.4% in each of these layers. Further, reductions in k* for [14C]DHA were proportionately greater than those of rCMRglc in layers I, IV, and V of the extrastriate visual cortex (exceeding 0.6) than in other visual areas. These exceptions could have been due to re gional differences in neurotransmitters that do not emphasize phospholipases A2 or C for transduction (Fisher and Agranoff, 1987; Axelrod et al., 1988) . Transmitters in the rat visual system include gluta mate, acetylcholine, 'Y-aminobutyrate, vasoactive intestinal peptide, serotonin, and norepinephrine (Lund-Karlsen and Fonnum, 1978; Baughman and Gilbert, 1981; Sefton and Dreher, 1985; Crunelli et aI., 1987; McCulloch, 1989, 1991a,b; Fitzpatrick and Raczkowski, 1991; Horsburgh and McCulloch, 1991; Vizuete et aI., 1992) . Thurlow and Cooper (1988) suggested that the [14C]DG method might be used to elucidate func tional differences between striate and extrastriate cortex in the rat, as several retinotopically distinct visual areas of the rat extrastriate visual cortex sub serve different functions in rat vision. The present study indicates that distinctions in incorporation of [14C]AA and e4C]DHA, if understood and related to patterns of transmitter innervation, might also help in this endeavor. 
